The water quality of major springs in the Yarmouk Basin (north Jordan) experienced degradation due to rapid urbanization and industrialization. In order to check their suitability for irrigation, drinking and industrial purposes, a research work was conducted to assess the degree of ionic toxicity in these water sources. Thirty-six water samples were analyzed for different elements of dominant cations and anions such as Ca, Mg, Na, K, Fe, and HCO 3 together with other minor ions P, B, NO 3 , SO 4 , and Cl. To classify water quality, parameters such as sodium adsorption ratio (SAR), soluble sodium percentage (SSP) and residual sodium carbonate (RSC) were calculated. Concentrations of major cations and anions are low compared to their permissible levels in potable water. The total dissolved solids is 617 mg/l or below, which indicates the presence of fresh water. The fresh water condition is also verified by low to moderate electrical conductivity (347-1234 S/cm) and lower than 8.09 pH values. The concentration of total iron (0.0-0.09 mg/l) falls below the maximum permissible limit of 1 mg/l. The low SAR (0.5 to 1.34) coupled with low electrical conductivity, gives the water medium salinity hazard and low sodium hazard. Thus, the water is general of suitable chemical quality for domestic, agricultural and most industrial uses.
INTRODUCTION
Jordan is considered among the poorest countries in the world in terms of water resources. The climate is generally arid to semi arid, where around 90% of the country's land receives an average precipitation of less than 100 mm/year, while only 3% of the land receives an average annual precipitation of 400 mm. The pattern of rainfall is characterized by an uneven distribution over different regions with strong fluctuation from year to year in terms of quantity and timing. While water resources in Jordan are limited, the depletion of non-renewable resources due to over pumping is considered a serious threat to this important sector. Moreover, the available renewable water resources are dropping drastically due to steep population growth, rapid agricultural/industrial developments and the sudden influx of refugees due to political instability in the region. Several previous studies relating to water sector in Jordan have generally concluded that there is a need to focus attention on the future impact of water shortages through resources planning and development [1] [2] [3] [4] [5] [6] [7] [8] .
Jordan is characterized by a pronounced scarcity of renewable fresh water resources, which averages at about 680 million cubic meters per year, or approximately 135 m 3 per capita for all uses. Thus, Jordan's water resources, on per capita basis, are among the lowest in the world. The water resources of Jordan consist of groundwater and fossil water which are found in aquifers at different depths throughout Jordan. Other sources of water include surface water flows from precipitation, treated waste water and other non-conventional water resources such as brackish water.
As a result of fast growing population in Jordan (including the inward migration and local growth), an increase demand for water resources is expected. In the present study a detailed geochemical investigation of water samples from the Yarmouk Basin of northern Jordan is carried out to assess the degree of ionic toxicity in the water of major springs. The purpose is to classify water springs on the basis of some standard criteria in terms of their suitability and acceptability for irrigation, drinking and industrial uses. (Figure 1 ). The north Jordan area between the Zarqa and Yarmouk Rivers (Figure 1) is a key target zone on the hydrological map of the country. However, only few results about the hydrochemical of the major water springs have been reported from the area [9, 10] . The adjacent mountainous areas of Ajlun and Golan (Figure 1) are the highest elevated lands in the regions east of the Jordan Rift Valley. These areas receive high rainfall. The Yarmouk River, which flows along the border between Syria and Jordan, delineates the northern boundary of the study area, whereas the Jordan River represents its western boundary (Figure 1) . The Yarmouk River originates from Jabel Al-Arab (Syria) and drains through the Jordanian and Syrian territories.
Geologically, the rock formations of the study area are classified as Ajlun Group, Balqa Group and Jordan Valley Group of the Upper Cretaceous to Tertiary age [11, 12] . The oldest of these is the Wadi Es-Sir Limestone (WSL) formation of Turonian age belonging to the Ajlun Group. This formation essentially composed of limestone and dolomatic limestone, which is exposed in the southwestern part of the target basin (Figure 2 ). This formation is overlain by the rocks of the Balqa Group that include, in ascending order: Wadi Umm Ghudran (WG), Amman Silicified Limestone (ASL), Muwaqqar Chalk-Marl (MCM), Umm Rijam Chert-Limestone (URC) and Wadi Shallala (WS) formations. The base of the Balqa Group (the WG formation of Santonian age), which comprises marl, marly limestone, chalk and chert, is exposed in the south Irbid City (Figure 2) . The overlying limestone, chert, chalk and phosphorite beds, which are exposed in the southern part of the basin, are members of the ASL formation (Campanian age).
Bituminous marl and clayey marl of the MCM formation, which has been dated as Maastrichtian, overlies the ASL formation and is exposed in the central part of the basin. Alternating beds of limestone, chalk and chert of the URC formation (Paleocene age) overlies the MCM formation. In terms of location, the URC formation outcrops in the northern part of the basin (Figure 2) . In Wadi Shallala area (northeastern part of the Irbid City; Figure 2 ), a limited exposure of chalk and marly limestone with associated glauconite is present, which belong to WS formation of the Eocene age. In the eastern and 
Sampling and Analysis
Water samples for chemical analysis were collected during the year 2006 from 36 major springs of the Yarmouk Basin (Figure 2) . The samples were stored in polyethylene bottles; which were washed with distilled water and diluted hydrochloric acid. Prior to their filling with sampled water, these bottles were rinsed to minimize the chance of any contamination. These samples were then transported to the laboratory with proper care to prevent possible evaporation effects.
As a part of field procedures, these water samples were analyzed for hydrogen ion concentration (pH), electrical conductivity (EC, S/cm at 25˚C) and total dissolved solids (TDS) using a pH-meter, a portable EC-meter and a TDS-meter, respectively. Chemical analysis were made in the laboratory for calcium (Ca 2+ ),
, phosphorus (P) and boron (B). Chemical analysis for major cations was accomplished in the laboratory using atomic absorption spectrophotometer. The anions nitrate and sulfate were measured by spectrophotometric techniques. Titration methods were used to determine the concentrations of chloride and bicarbonate in the sampled water. Phosphorus and boron were determined calorimetrically, while iron contents were analyzed by atomic absorption spectrophotometer. All these laboratory analyses were performed in the Department of Chemistry and in the Department of Earth and Environmental Sciences, Yarmouk University, Irbid, Jordan.
Water samples were classified as per results obtained from these chemical analyses. Parameters, such as, Sodium adsorption ratio (SAR), soluble sodium percentage (SSP) and residual sodium carbonate (RSC), were calculated on the basis of standard equations as outlined in the reported publications [13] [14] [15] . These equations are as follows: Residual sodium carbonate (RSC)
Correlation analyses were conducted between different combinations of quality indicators, such as SAR versus SSP, SAR versus RSC and SSP versus RSC.
RESULTS AND DISCUSSION
Chemical constituents of the collected water samples are presented in Tables 1 and 2 . The observed charge balance of < 10% between cations (TZ + ) and anions (TZ -) calculated by the formula (TZ + -TZ -/TZ + + TZ -× 100) given by Todd [13] and the ratio of TDS/EC (0.5) are within acceptable limits [16] , confirming the reliability of the analytical results. Statistical analysis of the data shows that the TZ + and TZ -are coupled by a relation TZ + (meq/l) = 0.69 TZ -(meq/l) + 1.04 with correlation coefficient of 0.69 for 36 data points (Figure 3) .
Dominant Cations and Anions
Among major cations ( ) ranges between 0.0-0.59 meq/l, accounting 5.5% of the total anions.
As shown in Table 2 , the pH values of water samples (7.01-8.09) indicate slight alkaline tendency, but well within the safe limit [16] . The upper limit of phosphorus and boron in the studied samples are 91.9 µg/l and 175.6 µg/l, respectively ( Table 2 ). In all 36 samples, low values of boron are observed, which is in excellent compatibility with standard classification of the World Health Organization (WHO) [16] .
Quality Assessment as Irrigation Water
The concentration and composition of the dissolved constituents in water determine its suitability for irrigation purposes. Moreover, suitability of water for irrigation depends on total concentration of the soluble salts, relative proportion of the major constituents (i.e., sodium, calcium and magnesium) and the effect of some mineral constituents on both the soil and plants [15] .
The estimated amount of TDS ranges from 173.5 to 617 mg/l ( Table 3) . The values of TDS in the studied samples are lower than the maximum permissible level of 1000 mg/l recommended [17] for most domestic uses. The electrical conductivity (EC) of the studied water samples ranges between 347 and 1234 S/cm (average 637 S/cm), where its maximum limit in drinking water is prescribed as 1400 S/cm [16] . This low mineralization in water sources indicates that the weathered zone has been highly leached soluble minerals and/or water is likely derived from relatively recent recharge. Hence, these low levels of mineralization indicate that the water of all major springs in the Yarmouk Basin can be classified as fresh without any hazardous contaminations.
The sodium adsorption ratio (SAR) is an important parameter to determine the suitability of irrigation water. The SAR values in the studied samples range from 0.5 to 1.34 (Table 3) , which can be considered as the most suitable for irrigation purposes as per the classification of Todd [13] that count any of the SAR values < 10 as excellent.
There is a significant relationship between the SAR values in the irrigation water and the extent to which sodium is absorbed by the soil [18, 19] . If the water used for irrigation purposes is high in sodium and low in calcium, the cation-exchange complex may become saturated with sodium. This can destroy the soil structure owing to dispersion of clay particles. Data of the SAR and EC (Table 3 ) is plotted on the US salinity diagram [13] (not shown here), in which EC is taken as salinity hazard and SAR as alkalinity hazard. As shown in Table 3 ). All the studied samples show negative values of RSC, which indicates that the dissolved calcium and magnesium contents are higher than carbonate and bicarbonate contents.
CONCLUSIONS
In order to chalk out a concrete strategy (including planning, development and management) about the water resources in northern Jordan, water samples collected from all major springs of the Yarmouk Basin are evaluated by this study. No harmful constituents including salinity and toxicity have been detected in the water of the study area. According to all quality determining parameters and their comparison with set criteria, water of the study area could safely be used for irrigation and drinking purposes. In terms of Fe concentration, all samples are found below the maximum permissible limit of 1 mg/l. The quality determining factors, i.e., SAR, SSP, RSC, TDS and EC are strongly compatible with each others.
